


Background

« Hot Dip Galvanized Steel
Pipe with Extensive Zinc
Whisker Formation

* Provided to Lyudmyla for
SEM inspection

— She documents whisker
“diameters” for 17 whiskers

— Some whisker thicknesses
>30 microns for whiskers
> 600 microns long!!!




Whisker Geometries for a Few Chosen Examples

File Name Diameter (um) Rough Estimated Length (um)
HDGP-areal 37 600
HDGP-areal 19.7 >600
HDGP-areal 9.5 >1600
HDGP-area2-wl 15.8 >1000
HDGP-area2-w?2 23.9 500
HDGP-area2-w3 14.6 700
HDGP-area2-w4 4.4 >700
HDGP-area3-wl 3.8 2500
HDGP-area3-w2 9.1 >2000
HDGP-area3-w3 5.5 >1000
HDGP-wl 5.1 >600
HDGP-w2 4.3 >2000
HDGP-w3 6.6 1200
HDGP-w4 17.6 600
HDGP-w4 2 >600
HDGP-w5 12.4 2000
HDGP-w6 3.1 2000
HDGP-w7 8 broken

HDGP-w8 6.5 2200



Zn Whiskers — Area #1

Mag | Spot éig' Tilt | X: 10.3 mm |Pressure ——200.0pym—— HV  |Spot|Mag |Det|Sig WD Pressure|
15.0 kV|12.5 mm|238x| 3.0 |[BSE|0.0 °|Y:-12.0 mm 3.0 |238x|Etd |SE |12.46 mm




Zn Whiskers — Area #1 Whisker 1

HV |Spot| Mag |Det|Sig| WD  |Pressure
15.0 kV| 3.0 |2103x|Etd |SE|12.65 mm




Zn Whiskers — Area #2

Mag|Spot| Sig | Tilt |X: 13.4 mm\Pressure‘\'—?;OO‘Omi—r'
15.0kV|[11.6 mm|[228x| 3.0 |IBSE|0.0 °|Y:-56 mm| - |




Zn Whiskers — Area #2
Whisker 1 and 2

Mag |Det|Sig] WD Pressure| Spot| Mag |Det|Sig] WD |Pressure —10 um—
15.0 kV| 3.0 [11926x Etd[SE|11.59 mm 15.0 kV| 3.0 |4000x|Etd |SE[11.81 mm




Zn Whiskers — Area #2
Whisker 3 and 4

Spot| Mag |Det éig WD Pressure} Spot| Mag |Det|Sig| WD  |Pressure|
15.0 kV| 3.0 [2280x|Etd|SE[11.12 mm 15.0 kV| 3.0 |5000x|Etd |SE [11.66 mm




Zn Whiskers — Area #3

iy
Spot| Sig | Tilt |X:12.6 mm|Pressure —500.0pm—
15.0kV|[10.7 mm| 77x | 3.0 |BSE|0.0 °| Y:1.5 mm |



Zn Whiskers — Area #3
Whisker 1 and 2

HV |Spot| Mag |Det|Sig| WD |Pressure HV |Spot| Mag |Det|Sig| WD |Pressure
15.0 kV| 3.0 |4906x|Etd |SE [10.84 mm 15.0 kV| 3.0 |8000x|Etd |SE [13.32 mm




Zn Whiskers — Area #3
Whisker 3

HV |Spot| Mag |Det|Sig Pressure
7000x|Etd|SE[12.98 mm|  ---




Zn Whiskers — Area HDGP
Whisker 1

Mag | Spot|Sig| Tilt | X: 0.6 mm ‘Preésure_ ——100.0pm— Mag |Det|Sig WD Pressure

15.0 kV|16.0 mm|468x| 3.0 |[SE[0.0 °|Y:-18.2 mm 10557x|Etd |SE |16.08 mm




Zn Whiskers — Area HDGP
Whisker 2

Mag |Spot|Sig| Tilt | X: 2.8 mm |Pressure| ———400.0ym—— HV |Spot| Mag |Det|Sig| WD |Pressure
15.0 kV|16.7 mm|150x| 3.0 |[SE[-0.0 °|Y:-17.5 mm - .0 |7000x|Etd|SE |16.50 mm




Zn Whiskers — Area HDGP
Whisker 3

7 4

HV WD | Mag|Spot|Sig| Tilt |X: 10.9 mm |Pressure| '—400,01m—' WD Pressure|
15.0 kV[12.3 mm|170x| 3.0 [SE[0.0 °|Y:-10.7 mm 15.0 kV| 3.0 |6638x|Etd |SE |12.28 mm




Zn Whiskers — Area HDGP
Whisker 4

od 4
HV WD | Mag|Spot|Sig| Tilt | X: 11.4 mm |Pressure| ————200.0uym HV  |Spot| Mag |Det|Sig
15.0 kV|12.2 mm|349x| 3.0 | SE[0.0 °|Y:-10.8 mm 15.0 kV| 3.0 |2680x|Etd |SE




Zn Whiskers — Area HDGP
Whisker 5

3 . 7.': : F
HV WD |Mag|Spot|Sig| Tilt |X: 10.8 mm|Pressure —500.0pm— HV |Spot| Mag |Det|Sig| WD |Pressure
15.0 kV[18.3 mm| 90x | 3.0 |SE[0.0 °| Y:-9.7 mm 15.0 kV| 3.0 |3000x|Etd |SE [18.57 mm




Zn Whiskers — Area HDGP
Whisker 6

" d f . W .
Mag | Spot|Sig| Tilt |X: 12.1 mm|Pressure| ———500.0ym———
15.0 kV[18.5 mm|119x| 3.0 [SE|0.0 °|Y:-7.9 mm




Zn Whiskers — Area HDGP
Whisker 7

HV WD | Mag|Spot|Sig| Tilt [X: 13.6 mm|Pressure —50.0pm— Spot| Mag |Det|Sig WD Pressure |
Yi

15.0 kV|[12.7 mm|814x| 3.0 |[SE|0.0 ° 2.5 mm 15.0 kV| 3.0 |6000x|Etd |SE |12.73 mm




Zn Whiskers — Area HDGP
Whisker 8

HV WD |Mag|Spot|Sig| Tilt |X: 11.8 mm|Pressure —500.0pm— [ HV |Spot| Mag |Det|Sig| WD |Pressure
15.0 kV|10.6 mm| 94x | 3.0 [SE[0.0 °| Y:5.2 mm 15.0 kV| 3.0 [2474x|Etd|SE [10.58 mm




